Fauna of soil nematodes was studied in three main forest types of the Vihorlat Mountains, Querceto-Fageto-Aceretum at Remetské Hámre (RH), Fagetum at Morské oko (MO), and Fageto-Aceretum at Sninský kameň (SK). Each forest type was represented by five sites. In total 198 species and 98 genera of soil nematodes were distinguished. Most species belonged to rare taxa with the frequency of occurrence lower than 50 %. The number of species and genera decreased from RH (167 species and 86 genera) through MO (115 and 68) to SK (87 and 51). Species and generic richness was significantly positively correlated with soil pH(H 2 O), negatively with altitude, soil moisture and C ox . Greater part of nematode species and genera belonged to microbivores and to the taxa with higher cp values of 3 -5. We can conclude that rich nematode fauna indicated undisturbed forest soil condition, nevertheless, the richness decreased with increasing altitude.
Introduction
Nematodes are the most abundant multicellular animals (Bongers & Ferris, 1999) and very likely the second most diverse phylum with about 27 000 recently described species (estimated number up to 1 000 000) after arthropods (Huggot et al., 2001 ). Due to their diverse communities they significantly influence ecosystem processes, particularly in soil (Vinciguerra, 1979; Wasilewska, 1979; Bongers & Bongers, 1998) , and they are a useful indicator of soil condition in forest ecosystems (Yeates, 2007) . The fauna of soil nematodes in forest ecosystems of Slova-... kia was relatively well studied (Šály, 1983; Lišková et al., 2008; Čerevková & Renčo, 2009 ), but the eastern woodland of the Vihorlat mountains has not been paid attention till now. This territory is characterised by deciduous forests arranged in altitudinal gradient, moreover, these forests are still devoid of marked anthropogeneous disturbance. We selected three main forest types that characterise the Vihorlat woodland to study soil nematode communities as they vary with natural environment under low or negligible human intervention. This paper gives the first part of the study aimed at evaluation of species and generic richness in the Vihorlat woodland.
Material and Methods
Vihorlat Mountains is a volcanic (mostly andesite) mountain range in eastern Slovakia that belongs to the Inner Eastern Carpathians. The middle part of the mountains was established the Vihorlat Protected Landscape Area (4 500 ha) in 1973. The area in mainly covered by natural deciduous forests with valuable beech ecosystems at the peak Vihorlat (1076 m a.s.l.) protected by UNESCO since 2007. Nematodes were studied in the vicinity of three localities described below. Values of soil parameters as gravimetric soil moisture, pH (H 2 O), and C ox are given in arithmetical mean ± SE (range of values), n = 10. Remetské Hámre: RH, 48° 50' N, 22° 10' E, 403 m a.s.l., mean annual air temperature 5 -7 º C, annual precipitation approximately 700 -800 mm. The vegetation is characterised by Querceto-Fageto-Aceretum forest type with shrub-rich mostly with Corylopsis, Ligustrum and Frangula alnus on cambisol. Soil moisture = 31. 84 ± 2.99 (15.21 -46 .74) %, pH (H 2 O) = 7.69 ± 0.25 (6.54 -9.10), HELMINTHOLOGIA, 47, 2: 123 -135, 2010 C ox = 8.81 ± 0.70 (5.95 -12.50) %. Morské oko: National Nature Reserve: MO, 48° 54' N, 22° 13' E, 618 m a.s.l., mean annual air temperature 4 -5 ° C, precipitation 800 -1100 mm. Vegetation is generally characterised by woody composition, where beech (Fagetum) has absolute superiority with poor or almost without herb cover undergrowth on clay-loamy cambisol. Soil moisture = 33.00 ± 2.30 (15.06 -40.09) %, pH (H 2 O) = 6.94 ± 0.10 (6.45 -7.60), C ox = 11. 09 ± 0.96 (4.63 -15.27 2 April and 2 October 2008. At each site (plot) five soil subsamples covering an area of 100 cm 2 down to the depth of 10 cm were taken using a hand spade. The soil was handmixed and nematodes were isolated from two 50 g portions of bulked soil using the Baermann funnel method. One nematode isolate was evaluated quantitatively to genus level. The second one was subjected to detailed study of species occurrence as many rare species in the first isolate were found only juvenile or were absent. Nematodes were fixed in FAA, mounted on permanent glycerol slides and determined to species level using light microscope Leica Leitz DMRB equipped with interference contrast. Statistical analyses were performed using the software package STATISTICA (StatSoft, 2001 ).
Nematodes were classified according to Andrássy (2005 Andrássy ( , 2007 Andrássy ( , 2009 ) and these books together with author's earlier works were used for the determination of nematodes. Tylenchida were mostly determined according to Brzeski (1998) , some Dorylaimida according to Loof (1999) and further according to original descriptions and redescriptions in various papers. Species were allocated to trophic groups mainly using data on food preferences in genera as outlined by Yeates et al. (1993) and newer data, e.g. Okada & Kadota (2003) . Cp values of species and genera were derived from cp values for families as given by Bongers & Bongers (1998 ) using Bongers' (1988 allocations to families. Trophic diversity T (Freckman & Ettema, 1993) and Sum Maturity Index ∑MI (Yeates, 1994) were calcu- lated either from the number of nematoda taxa in trophic groups or in cp groups, respectively; i.e. supposing that all species (genera) were present in a community and had the same abundance.
Results
In total 198 species and 98 genera of soil nematodes were distinguished (Appendix 1). Some nematodes could not be determined to species because of the absence of adults or if the adult specimens were present those could not be identified with the available species descriptions for certain. Of the 198 species only 26 (13.13 %) had the frequency of occurrence in the woodland (F) greater than 49.99 %, of the 98 genera such were 19 (19.39 %). The numbers of species and genera were significantly positively correlated ( Fig. 1 ., Pearson r = 0.967, p < 0.001; Spearman R = 0.948, p < 0.001) and there also were significant positive correlations within individual forest types. Most nematode species and genera were found in Querceto-Fageto-Aceretum at Remetské Hámre (RH). Two-way ANOVA (homogeneity of variances assumption was not violated) showed that species (F (2, 24) = 26.959, p < 0.001) and genera (F (2, 24) = 31.289, p < 0.001) numbers in RH were significantly greater than in MO and SK. MO had significantly more species and genera than SK (Table 1 ). The effect of season (spring and autumn sampling) upon the numbers of species and genera was insignificant.
Kruskal-Wallis ANOVA and multiple comparisons of mean ranks for all groups supported significantly greater number of species (H (2, N=30) = 18.019, p < 0.001) and genera (H (2, N=30) = 21.048, p < 0.001) in RH than in SK, the effect of season was insignificant.
The cluster analysis on species occurrence ( Fig. 2 ) produced two main clusters, the upper one having two sub-clusters consisting of SK and MO samples (except for MO1a, SK3s and SK2a). The lower cluster consisted of RH samples plus MO4s. The cluster analysis on genus occurrence ( Microbivorous species and genera prevailed in nematode fauna of the Vihorlat woodland. The number of species and genera in all trophic groups was always lower at SK than at RH. Consistent decrease from RH through MO to SK was found in the number of bacterivorous species and genera, predaceous species and genera, omnivorous species, and plant parasitic genera. Such trend was not observed in the values of the T index (Table 2) . More nematode species and genera belonged to the groups with higher cp scaling (together for 3, 4 and 5) than to the groups with lower cp scaling (together for 1 and 2). The number of species and genera in all cp groups was always lower at SK than at RH. Consistent decrease from RH through MO to SK in the number of species and genera was observed for cp groups 3 and 4. The values of ∑MI index for both species and genera were lower at SK than at RH, greatest values were at MO (Table 3) .
Discussion
The nematode fauna in the Vihorlat Mountains had a great species and generic richness as in similar woodland landscapes of Central Europe. For example, Šály (1985) found 182 species of soil nematodes in the Slovak Paradise, Andrássy (1996) 122 species in the Bükk Mountains, and Háněl (1996a) 138 species in the Křivoklátsko woodland. Very high species and generic richness were found in Querceto-Fageto-Aceretum woodland at RH when compared with other European deciduous ecosystems (e.g. Alphei, 1998; Büttner, 1989; Popovici, 1989) very likely due to favourable climate and rich plant community. Nematode species and genera were significantly positively correlated as in our study on meadow ecosystems (Háněl & Čerevková, 2006) and in tree plantations on colliery spoils (Háněl, 2009) . Therefore, genus richness is a sufficient estimator of overall nematode richness although species can better distinguish different types of ecosystems (Figs. 1 and 2). Majority of nematode species belonged to rare or very rare animals (Appendix 1), which suggested a great variety of microhabitats and low degree of disturbance to the Vihorlat woodland. We found decline in species and generic richness with increasing altitude. Similar trend was observed in spruce forests of the Beskydy mountains (Háněl, 1996b) . Also Ruess et al. (2001) found greater nematode richness at the low altitude heath than at the high altitude fellfield in arctic soils. On the other hand nematode richness in Romanian grasslands studied by Popovici and Ciobanu (2000) did not appear to be affected by altitude, with an exception for Vladeasa Mts. where nematode richness tended to decline with increasing altitude. Reverse trends can also occur as a low nematode richness in spruce plantations in lowlands (Háněl, 1992) compared to a higher richness in semi-natural spruce forests in mountains (Háněl, 2004) . Nematode taxomic richness was found to exhibit consistent correlations with mass and activity parameters of both nematofauna and microflora in the European mineral grassland soils (Ekschmitt et al., 2001 ) and the authors considered high nematode richness a good indicator of the decomposition function. More diverse nematode assemblages contribute to more resilient ecosystem services (Yeates, 2007) . Thus, our data suggested faster nutrient cycling in lower altitudes of the Vihorlat woodland than in higher. Recovery from disturbance to forest ecosystem at SK could therefore be slower than at RH. In contrast to the decrease in species and genus richness from RH through MO to SK trophic diversity (T) and maturity (∑MI) of nematode faunas showed little variation (Tables 2 and 3) . Ettema (1998) suggested that considerable functional redundancy probably exists at least in bacterivore nematodes however soil nematode diversity is important for long-term stability of soil functioning. Climatically harsh high-altitude sites can be especially sensitive to the impact of perturbations on nematode faunas due to lower initial biodiversity (i.e. redundancy) at such sites (Ruess et al., 2001 RFF 2 10 10 10 100.00 78
Filenchus spicatus (Brzeski, 1986) Zell (1990) synonymized A. eradicitus with A. lagenoferrus when gave redescription of the latter. 2) Andrássy (2007 ), p. 34, synonymized A. lagenoferrus with A. sacchari Hooper, 1958 but gave no details. The genus Aphelenchoides needs thorough revision.
3) Specimens in poor condition so the number of longitudinal cuticle incisures is uncertain. 4) Brzeski (1997) synonymized F. aquilonius with F. orbus Andrássy, 1954 , specimens from Vihorlat are closer to the original description of the former than to the latter. 5) Brzeski (1997) synonymized 11 Filenchus species with F. misellus. It is hard to say whether morphological variability in those small Filenchus is intra-specific character or whether reflects a group of close related species (Háněl, 2000) . 6) Brzeski (1998) synonymized F. spicatus with F. acris (Brzeski, 1986) , specimens from Vihorlat are closer to the original description of the former than to the latter. 7) Andrássy (2007) accepts Nothotylenchus acutus Khan, 1965 and Safianema lutonense Siddiqi, 1980 whereas Brzeski (1998 places those species into the genus Ditylenchus. For the practical reasons of quantitative evaluation of the material the two species are in kept in the genus Ditylenchus because of variation in pharynx morphology in juvenile stages. 8) Brzeski (1998) places those species in the genus Tylenchorhynchus.
9) Resting juvenile stages were not found so species couldn't be determined with certainty. 10) Insufficient material for precise determination. 11) Material is partly damaged and may include both species. 12) There may be a group of very similar and hardly distinguishable species.
13) According to Loof (1999) E. similis and E. schraederi Altherr, 1974 are the same species. 14) Key according to Andrássy (2009) leads to L. murithi but there are some differences from the description.
